The obligate anaerobe Bacteroides fragilis is an important opportunistic pathogen most commonly associated with postsurgical infections (2) . It is normally present in high levels in the intestinal tract of humans and displays inherent resistance to beta-lactam and aminoglycoside antibiotics. In 1979, reports from three laboratories appeared describing transferable lincosamide-macrolide resistance in intestinal Bacteroides spp. (8, 11, 14) . This discovery was particularly significant because the lincosamide antibiotic cindamycin is the drug of choice for treatment of infections caused by B. fragilis (1). In this connection, our laboratory has characterized a 27 x 106-dalton (27-Mdal) plasmid (pBF4) of B. fragilis V479-1 which specifies a transferable lincosamide-macrolide resistance (14) . Privitera et al. have also studied strain V479 (designated strain 92 in their laboratory), and they confirm the association of the transferable LM resistance with pBF4 (8, 9) .
Spontaneously occurring clindamycin-sensitive variants of B. fragilis V479-1 have been isolated at low frequency (-1 to 2%; 8, 15) . In a preliminary communication (15), we reported that this phenotype could be attributed to either the apparent. loss of the pBF4 plasmid or the deletion of segments of the pBF4 molecule. In this paper, we exploit deletion-bearing pBF4 derivatives to analyze the physical structure of the parent plasmid. A restriction endonuclease cleavage site map of pBF4 was constructed, and the location of deletions associated with loss of lincosamide-macrolide resistance was approximated. In addition we located two inverted repeat (IR) sequences of pBF4 by electron microscopic analysis ofself-annealed molecules. These data provide the first structural information on a plasmid from an obligate anaerobe and supply a groundwork for the comparative study of genetic organization of R plasmids in this unique group of organisms.
MATERIALS AND METHODS
Bacterial strains and media. B. fragilis V479-1 is a single-colony isolate from strain 92 kindly provided to us by Madeline Sebald (Pasteur Institute). Strain V479-1 constitutively expresses resistance to clindamycin (Cc; >100,ug/ml) but shows poor colony unitforming ability (<1% viability) on 5 or 10 ,ug of tetracycline per ml. Storage and anaerobic growth of strains were as previously described (12) . Penassay broth or agar supplemented with cysteine and hemin (PHC; Difco Laboratories, Detroit, Mich.) was used as complex medium (12). The protocol used to perform conjugal matings was as previously published (14) .
Isolation of Cc-sensitive variants of strain V479-1. An overnight PHC broth culture of strain V479-1 was used to inoculate 10 ml of drug-free or ethidium bromide (5 /uM)-containing PHC broth (inoculum sze, -10' cols per ml). Thse cultur were growm overight at 370C and plated on drug-free PHC agar plates to yield 150 to 200 colonies per plate. Colonies were tested for r nce to 5 gag of Cc per mL All Cc-sensitive isolates so obtained were found to be lincomycin and erythromycin sensitive.
Rapid paid s techique for Dct.-roidea spp. A fast, simple plasmid isolation procedure for Bacteroides app. was developed by modifing the method of Guerry et aL (3) . A 6-ml overnight PHC broth culture wa harvetd by centrifugtion, and the cell pellet was transferred to a 1.6-ml polypropylene Eppendorf 5 M NaCl solution was added, and the lysate was incubated at 40C for at least 3 h. After the sodium dodecyl sulfate-high salt treatment the lysate DNA was cenriifuged at 17,000 x g for 20 min at 40C. The pellet was gently removed by using a pasteur pipette and discarded. Fresly rdiiled phenol (0.3 ml, saturated with lx TES) was added to the supernatant, and the mixture was briefly blended in a Vortex mixer. Next, 0.3 ml of chloroform-ioamyl alcohol (24:1) was added, and the mixture was again blended. The top aqueous layer (-0.5 ml) was removed and precipitated by adding 2 volumes of ethanol and 15 id of 6 M NaCL
The mixture was incubated at -70°C for at least 1 h, and then the precipitated DNA was pelleted by centrifgation at 5,900 x g at -20°C for 20 min. The precipitated DNA was brought into solution by the addition of 60 gil of sterile distiled water. Approximately 15 gi of this prepaation enabled the easy visualization of pl DNA components in agarose electrophoretic gels stained with etbidim bromide (7) .
Restriction endonuclease fragment analysis of plasmid DNA. Plasmid DNA from B. fragilis cefls was purified by cesium chloride-ethidium bromide ultracentrifugation as previously described (14) . BstEII was acquired from Boehringer Maheim Corp. (New York, N.Y.). EcoRI, HpaI, AvaI, and PstI were acquired from Bethesda Research Laboratories (Rockville, Md.). All enzyme reactions were carried out at 370C. The buffers employed in single retriction endonuclease digests were those recommended by the manufacturer. The buffers used in simultaneoCU twoenzyme digests were as follows. Any digest involving HpaI was done in the HpaI buffer, AvaI-PstI and BstEII-PstI double digests were done in PstI buffer, and EcoRI-AvaI, EcoRI-BstEII, and AvaI-BstElI double digests were done in TMS buffer (10 mM Tris, 10 mM MgCI2, 50 mM NaCl, pH 7.4) (13). Between 0.6 and 2.0 gg of each digeted plasmid DNA prepartion was subjected to vertical agarose slab gel electrophoreis (7) . The methodology for size analysis of DNA molecules based on their electrophoretic migration i agare gels has been detailed previously (6, 14) .
Eletron microscopy. Purified preparations of pBF4 DNA which had been stored at 40C for several weeks (to enrich for open circular form) or fresh preparations digested with a restriction endonuclease were used in electron microscopy studies. These DNA preparations were denatured, allowed to reanneal for only 15 min, and then spread by the formamide technique of Sharp et al. (10) . The plasmid pSC101 (6.02 Mdal) was included as an internal size reference molecule.
Plasmid copy number deter-nation. The plasmid copy number was determined by analys of [3Hthymidine-labeled crde cell lysates with cesium chlordethiium bromide equilibrium gradients or alkaline sucrose velocity smentation gradien (12).
RESULTS
General molecular propertie of pBF4. We had previously established the molecular size of pBF4 as 27.2 ± 1.1 Mdal by contour length measurements of open circular molecules photographed in an electron microscope (14) . In the present study we corroborated-this value by determining pBF4 size by two additional methods. The migration of closed circular pBF4 DNA through 0.7% agarose was compared with the migration of plasmid reference molecules from E. coli V517 (6) . The size of pBF4 was determined to be 27.7 ± 1.9 Mdal by this method (eight independent determinations). In addition, pBF4 was found to be cleaved into six fagments by the restriction endonuclease EcoRI. Summation of these fragments (size determined by electrophoretic migration compared with phage lambda DNA Hindl fragments) revealed a molecular size of 27.2 + 1.2 Mdal for pBF4 (13 independent detenninations).
Using a molecular size of 27 MdaL we determined the number of plasmid copies per chromosome in B. fragilis. These data, obtained by two methods, are seen in Table 1 and reveal that pBF4 was present to the extent of no more than a few copies per chromosome.
Isolation and characterization of pBF4 deletion derivatives. Broth cultures of strain V479-1 were screened for Cc-sensitive variants as described above. The frequency of such Ccsensitive clones was found to be 1% or less and was not affected by the presence of 5 pM ethidium bromide. All Cc-sensitive clones were erythromycin and lincomycin sensitive. None of the Cc-sensitive V479-1 derivatives was seen to revert to lincosamide-macrolide resistance even after exposure to mutagens (e.g., nitrosoguanidine, ethyl methane sulfonate, or acridine orange). About two-thirds of the Cc-sensitive isolates lacked detectable pBF4 DNA, whereas one-third harbored a plasmid that was smaller than pBF4 as judged by electrophoretic migration (data not shown).
Two independently isolated deletion-bearing derivatives, pBF4A1 (21.7 Mdal) and pBF4A2 (25.6 Mdal), and the parental pBF4 plasmid were analyzed by restriction endonuclease cleavage. Restriction fragment sizes of these three (4) (Fig. 1) . Similar digests of pBF4A1 and pBF4A2 taken with the data given in Table 2 allowed us to approximate the location of the deletions carried by these plasmids. The deletions are indicated by the dashed lines on the inside of the circular map (Fig. 1) .
Characterization of self-annealed pBF4 molecules. Open circular pBF4 molecules denatured and allowed to reanneal were observed to contain an inverted repeat sequence (designated IR-1) of approximately 400 base pairs (not shown). This IR divided the molecule in -15- Fig. 2 . Self-annealed, Aval-cleaved pBF4 DNA is visualized in Fig. 2A . Both AvaI sites lie within the 26-kb portion of the pBF4 molecule. One site is within a few hundred base pairs of one member of the IR-1 sequence. This information allowed the placement of both members of the IR-1 sequence on the pBF4 map (Fig. 1) . A representative BstEII-cleaved, self-annealed pBF4 molecule is seen in Fig. 2B . Both BstEII sites were observed to reside in the 15-kb portion ofpBF4 formed by IR-1 reannealing. In addition, greater than 50% of the BstEII-cleaved, reannealed molecules showed an additional structural feature consistent with an approximate 75-base-pair inverted repeat sequence (designated IR-2) and a 4.2-kb single-stranded loop. This secondary structure was occasionally observed in undigested, self-annealed pBF4 molecules, but never observed in AvaI-digested, self-annealed preparations (e.g., Fig. 2A ). The location of the IR-2 members was determined relative to the position of the IR-1 sequence and the BstEII restriction sites. Their placement is noted on the pBF4 map (Fig. 1) . DISCUSSION The pBF4 plsmid warrants considerable attention as a clinically significant conjugative R J. BACTERIOL. plasmid in the anaerobic genus Bacteroides. In this regard, it was desirable to physically characterize this plasmid as a first step to probing its genetic organization. This 27-Mdal plsid is present in one to two copies per chromosomal equivalent (Table 1) . This low copy number has allowed us to detect plasmid-linked mutations that likely would have gone unnoticed if pBF4 were present in multiple copies per chromosome. pBF4 segregated spontaneously from B. fragilis cells at a frequency (-1 to 2%) that was not enhanced by treatment with 5 ,IM ethidium bromide. This is in agreement with the observations of Privitera et al. (8) . We found that a significant (-30%) number of spontaneously arising Cc-sensitive variants of strain V479-1 carried deletion-bearing derivatives of pBF4 (Table 2) as analyzed by restriction endonuclease digestion. A restriction site map of pBF4 has been constructed by the analysis of plsid fragment patterns after simultaneous double digestion (Fig. 1) . Within the limits of such restriction site mapping (Table 2) , we have been able to approximate the location of the deletions carried by pBF4A1 and pBF4A2 (Fig. 1) . The pBF4A2 lesion appeared to reside completely within the EcoRI D fragment. A small fusion fragment resulting from the deletion has never been seen, indicating that the lesion spans nearly all of this 2.4-Mdal fragment. The isolation of a relatively large number ofpBF4 variants bearing pBFA2-like deletions (9 out of 10) is interesting, but the significance of this is unknown. It is curious, however, that the deletions of the putative pBF4A2 class possess termini that are near two different inverted repeat sequence members (Fig. 1) . The deletion carried by pBF4A1 spans the EcoRI D and F ragments and appears to enter the A fragment as well. It is bounded by the AvaI site at the 0-kb coordinate and by the HpaI site at the~7-kb coordinate (Fig. 1) ; the deletion does not disrupt either of these sites, however. Both the pBF4A1 and pBF4A2 deletions overlap the EcoRI D fragment, implicating some or all of this region in the plasmid-linked expression of Cc resistance.
Whether such deletion has resulted in the alteration of a structural or regulatory gene remains to be tested. Alternatively, the deletions studied may have some polar effect on a nearby Ccresistance determinant and actually may not lie in a structural or regulatory gene. We hope to resolve this question by the genetic analysis of additional mutants (both point and deletion mutations).
The "stem-loop" structures generated by the reannealing of the IR-1 and IR-2 members ( that the deletions carried by pBF4A1 and pBF4A2 terminate at or near the IR-2 sequence at the 0-kb coordinate. Transposon-mediated deletion formation is quite common in other systems (5 
